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INTRODUCTION

The Mill City tungsten distriot is in northwu.t.orn Por;hmg
County, Newveda, on the eastern slope of the Bugene Mountains, Eight
miles of paved road conneot the mine with Mill City, on the Southern
Proifio Railroad e.nd U, S. Highway 40. The Nevada Massachusetts
Company has owned all tungsten properties in the district since 1927,
Tl;e emount of ooncentrates shipped by the ocompeny has given it first
rank u:cné domestioc tungsten producers, Produotion of the distrioct
since disoovery in 1917 is shown in the accompanying table. At

\ present th; Company is operating et the full eapacity of its mill,-
220 tons per day, and is oonstructing an additional mill for treat-
ment of tailings. The capacity of the new plsnt will be 1,000 tons

per day. ) .

+

The geology of the tungsten depooitl has been cdesoribed by EHess
1 2
and Larsen, and by Kerr; the ni.ning nnd nilling operations have been
3
desoribed by Heiser and Y;nderberg.

Because of the district's irportance in dc-‘utio tungatm; proe-
duotion,. the Geologiocal Survey included a study of the Mill City
eres in the current progrem of strategic mineral surveys. The prin-
oi.yal objeot of the study is to map the areal gooloéy of the Bugene

Mountains on « sosle of 1162,600 (spproximetely one inch equals one mile),
[} .

1. Hess, F. L., and Larsen, B. S,, Contast-metamorphic tungsten deposits
of the United Statess U. S. Geol. Survey Bull. 725-.D, 1921.
2, Kerr, P. F., Geology of the tungsten deposits near Mill City, Nevada:
Univ, of Newvada Bull., vol. 28, no, 2.
Se Helser, O. F.y U. 8. Bur. Mines "Inf. Cire. 6280, June 1930, and
- .6284, June 1930,
- &, Information not available, June 1975.
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and 10 plsoce the tunpsten deposits in thgir setting of regional
geolﬁry. As & pert of this study, thg’tungoten dopoait%, which were
mappdd by t. F. Kerr in 1932, are being re-sxamined, end some of

them are bteins mapped in detail ag'# possible aid to exploration by
the Bureau of Kines. This work is incomplete, but the results to
dete of the detailed study are piven in this preliminary report,

’Throughout the work, Ott F, Heiser, manager of the Nevada LMasse-

chusetts property, hes been extremely cooperative, The writer is
indebted to T. B, Nolan, of the Survey, for valuable suggestions,

and to J. F. KoAllister for able assistanoe in the field.

" GBOLOGY

"!Tho rocks of the diltriotiinoludo e series of notamoréhosod
Trisqsic seciments over 4,000 feet thick, large intrusives of grano-
dioriu,“‘ thin d;ku of granodiorite, aplite, quart: diorite, and
andesite (see fig.l)T The Triassic beds strike N, 10°-30° E, and
dip 60°-70° west. One mass-of granodiorits 2,500-3,000 feet in
diameter occupies the center of the distriot, and a second, larger
body'liel to the north, oonneoted with the first by s narrow neck.
The ore deposits are scheelite-bearing aiiiﬁato rocks that have been

formed from limestone members of the Trisssic series by ocontact
motamorphism. Both pre-minersl and post-qin;ral faults displace the

'bids, the faulting being most complex in the western half of the
distriot.

1

§. This map was prepared by the Stanford Geological Survey in 1932,
It does not show 1939-40 revisions of geology.
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Irisssio sedimentary rooks

The Triassic.noriea oonsists of hornfels, slate, and limestone.
Hornfels, the most abundant rook type in the series, 1s a fine-
grained, very hard, gray ér dark green-gray rook that weathers to
brown-stained angular joint blocks. Slates weather to dark gray or
black chips aﬁd plates that split readily nlongsoloavngc planes.

The Upper Triassic fossil Monotis suboiroul&ria-{;l been found in a

tone about 10C feet thick stratigraphically that extends through

the eastern part of the district. No fossils have been found elsewhere
The limestone bods,.widely spaced in the Trisssic series, are

2 to 15 feet thick, They are dark blue, grey, or bleck, and where

slightly altered, grade into white orystalline marble, in most

places coarser in gresin than the origipal limestone, The abundance

of garnet and epidote distinguishes the highly metemorphosed

scheel ite-bearing silicate rocks. Individual limestone beds that

have been mined or prospeoted are known in the distriot by loocal

namss; fram c.st.to west thess are the East Bod; the east and west ‘

Sutton Beds, the Humboldt, Springer, Stank, Yellow Scheelite, Keys,
Swmnit, and Hard Luck George Beds, and the West Beds.

Intrusive rocks

Intrusive granodiorite underlies the central part of the district,
a8 well as a larger ares to the north, and forms many dikes. The

granodiorite of the larger intrusives is a medium-grained orystalline
1

6, Identified by 8.vt.1ﬂn110r, personal communication. Previously
ddentified as Psendamonotis suboiroularis.




rock, composed malinly of plarioclase end quartz, with sm.1l emounts
of hornblende, blotite, and orthécla;;. Fresh spocimens of the rook
are f,ra;' end hard; weathered rock 1s stained lirht 'brown or tan, and
orunmbles easily. Kerr7 s pointed out that some parts ¢f the grano-
diorite and some dikes are more properly named quartz diorite, Aplite
is fine-greined, with few dark grains. |
Andesite is the youngest rock in the srea. Typical weathered
speoimens from the surface ere dark gray and contain numerous
1ight feldspsr and dark hornblendg phenocrysts, In fresh andesite
from the mines, the feldspar on..:'stals are dark gray and hardly dis-
tinfuishable from the gray groundmass,

Struocture

The Triassic rocks strike N. 10°-30° E. end dip 60°-70° west
exospt northwest of Stanc Hill, where there are east-dipping beds.
Both pre-minersl and poet-minoral fuults displace the tedes, a& shom
on the peologic ma; (P2g.1). The majority of the faults strike
N. 169-45° W, and dip steeply southwest; the chief movements appear
to have been horizontal. Pre-mineral faults bresk tha Sutton beds
northeast of the southern granodiorite into three sogments that are
“offset 400-600 feet. A fault outs off the southern end of the
‘Humboldt ore body, and another truncates the Springer bed; the dis-
placed sepments have not been loceted. A pro-in'oral fuult. also

. separates the northern end of the Humboldt ore body into two pertsj;

a8 the footwsll portion has produced the highest grade ore found in

7, Op. eit., p. S1. .

.
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tho.nine, s structural ocontrol of”ore-bearinc solutions is suprested,
The Stank Fault is the most prominégt feult on the map; it is post-
minersl, end where it crosses Stank Hill is marked by a breccia zone
20-50 £68t thick, ' '
ds the Trisssio rooks are cut at all angles by the main granoc-
diorite body, the bedding spparentl: influenced the direction of
the intrusion only locally. The contect is in some places highly
irrecular, while elsewhere it follows & nearly streipght line, The
position of granodiorite in the vallevs end hornfela on the hilltops
i3 & conseruence of the relatively low resistance of the granodiorites
to weathering;, end does not imply that the intrusive rock extends
horizontally under hills capped with metamorphic roof pendants. On
the contrary, mining in the Humboldt and Stank workings has shown
that the grenodiorite dips under the sedimentary rooks at 60°-70°,
At these steep angles, the intrusive messes enoroach on the ore beds

reather gradually with increasing depth.

ORE BODIES

The ore deposits sre limestone beds that have been altered bty
oontaot metarorphisa to dark silicate rocks (“tactite") containing
disseminated acheelite (caloium tungetate). All the ore deposits
are at or Bear the ocontaot of the granodiorite with the sedimentary
rﬁcka, the richest deposits being slong the western margin of the
southern body. The largest ore body, the Eumboldt, is 1,500 feet
Jong, and has been mined to a depth of 1,300 feet, Over 95 peroent
of the ore so far milled has been mined from the Humbaidt, the
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Springer, andbtho Stank ore bodies, all of which 1ie west of the
southern grenodiorite intrusive. These are being minod'at present,
"and ore is also being taken from the South Sutt6n end the Sutton No. 2
(formerly YNorth Sutton) mines at the eastern margin of the grano-
diorite. In addition to these producing mines, there is a sub-marginal
deposit east of the granodiorite, at the Uncle Sam mine, and sovor&l.
partly prospected deposits west of the granodiorite, in the faulted

area between the Springer and Stenk mines.

Wineralogy

The scheelite is disseminated in & dark orystalline rock com-
posed meinly of garnet, epidote, quartz, and ocalcite, with mu
sotinolite and pyrite, and small amounts of chalcopyrite, pyrrhotite,
end yolybdonito. That this silicate ore formed by replacement of
IMono ia‘oleur, for the lateral .tranlition tr?n ore to
unaltered limestone ean be seen in many places, and within the ore
bodies are many residual messes of unreplaced limestone., Also,
variations in the rclative amounts of minerals make the original
bedding plainly recognitable, The soheelite is unequally distributed;
some dark siliocate rooks are praotically barren, while others ocontain
a8 much as 10 peroent vung-£on. Other minerals 1$-thc ore also range
widely, but as & rulo‘loheoltto-blch rooks are also rich in quarts,
The fluorescenoe of soheelite in ultraviolet light is a great aid

in distinguishing scheelite from quarts, whioch it olosely resembles,
Ultraviolet lamps are oonstantly used in the mines to assidt in
estimating the grade of ore. '
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Loocalization of ore bodies
e

The ore bodies all 1lie in & narrow gone around the granodiorito
(s0e £ig 1). The width of the zone is most definitely shown in
deposits that extend from the contact out to unmineralized limestone.
The South Sutton o}e, for example, grades into unaltered limestone
about 500 feet from the granodiorite. The Sutton beds north of the
iatrusive (Sutton No, 2-Baker adi‘ts) are peartly miperalized as far
out as 1,000 feet, The Stank bed is ninerali:rd for 1,200 feet ‘
southward from the main granodiorite, although there are small
intrusiom nuc}; oloser to the ore. The Humboldt ore body.extends
1,500 feet southward from the northern granodjorite body, but near
the shaft the bed is within 200 feet of the southern intrusive.
It s thus possible that the Humboldt bed lies within the contact
gones of both tho northern and southern intrusives. Ths Springer
ore tody is not in coxitaot with granodiorite, but no part of it is
n.ore than 1,000 feet away from the 1ntruc1§e. These spproximate
figures indicate that the ore-bearing xo.no surrounding the grano-
diorite body is 500 to 1,200 feet wide. -

The ore sone oontinues dowrsvard parallel to the boundary of the
grancdiorite intrusive. Thergrasadiorite dips 60°-70° under the sedi-
- mentary rooks in.tho Humboldt and Stank workings where mining has
roached depths of 1,200_.And 1,'300 feet respeotively. No other
oodtaof has been mined desply enough to determine its sttitude.

ot all unu;w within .the gons is nin;n.liud and scheelite-
bearing. In the #@ddt mine, for example, although sections of
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"of the bed at considerable distance froi the granodiorite are
altered, th;r? are some barren blocks of limestone-marble rock at
the contast. Also, proximity to the contact does not assure high-
grede ore because the scheelite is as unevenly distributed as the
other nlncrals; The intensity of mineralizetion and the emount of
scheelite in the limestone seem to have been partly determined by
obscgre structural features of the ore beds, It seems prodbable
that pre-minerel fractures guided the movement of mineralizing
solutions end partly determined the position of high-grade ore shoots.
In general, it appears that a limeetone that lies in the contact
sone is a potential ore body, and conversely, limestones that are

more than spproximately 1,200 feet from the main granodiorite are

prob&bly urmineralized and berren.

Grade and size 2£ ore bodies

The average tungsten cort ent of the ore milled in the district
has teen slightly telow one percent. In one block of ore mined in
1932-33, the tungsten ocontent ranged t;om S to 13 percent, the
highe;t ever found in siszable smounts, Ore bodies that average
under one-half of one percent are sub-marginal at the normal price of
tungsten, -

The dimensions of the three largest deposits are as follows:

The Humboldt body is 5-6 feet thiek exoept in one block 300 feet

long, wh;re it is 10-15 feet thiok, The ore boly has & n;xlnu- length
of 1,600 feet near the surface, and t;parc.dnwu-nrd between grano-
diorite on the morth and a fault on the south. It has been mined

to a depth of 1,300 fest. The Springer body, 3-6 feet thick,has a
B



’ guhum length of 600 feet, and has been mined to a depth of 800
feet, The Stank ore bed, 3-5 feet thiock, is not uniformly mineralized,
but seotions 300 feet long have been stopod. It has been followed

‘dowward for 1,200 feet, | '

The depdsits in the two Sut-tAn bed‘a are smaller.' Each led is

3.5 feot thick. At the South Sutton mine, where both beds are being
ninodtat 200 feet below the surface, the beds are broken into segments,
the largest of which is 200 feet 10)15. At the Sutton No, 2, one
bed has been stoped from the adit to the surfece for a length of

160 feet, and a second stope 40 feet long is now being mined,

Reserves -
fAAAlRASY

Aitbough reserves of commercial prade are presumsably blocked
out in the Rumboldt, Springer, Stank, and South Sutton mines, no
estinate of reserves can bte given for these deposits because they
have not teesn examineduunderground, Ir. the Sutton No, 2, the only
working mine that has been examined, a block now being stoped
from the adit to the surfaoce contains & maximm of 3,000 tons of
commercisl ore. .

.Ro'urvu of sub-ocommercisl grade blooked out in the Sutton No., 2
a.io\mt to about 3,000 tons, in the Uncle Sam about 2,000 toms,

Among the cnown ore de};osits of the distriot, the Sutton No, 2
and ;ho‘ Uncle S‘m se;ments of the two Sutton beds ere the least
dovolope-d. Only one-fourth of the west bed in the Sutton No. 2

ZSeguent has teen explored, snd only one-fifth of the west bed in
the Unole Sem sepment, In‘oaoh case, there is pobably additional
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ore hbpi:ongally along, the segment and dowmwari below the present
workings. There ig, furthermore, a possitility of the east bed
being mineralized. .
There mry be undiscovered deposits in the district because a
number of the limestones are incompletely explored. Several of
"these beds lie in Springer Guloh between the Springer end the Stank
mines in what appears to be a seotion of the ore zone, The East
Bed 1s inown to be mineralised and soheelite-Learing at one
plece,which lies outside the mown linits of the main ore ione,
There are .soven limestones in the group known as the West DBeds,
but they sre almost unminersalize? at the airfoce and appear to lie

outside the ore'zono.

Reoormendations for exploration

The possibility of exploring undeveloped extensions of the ore
“e- in the Humboldt, Springer, Stank, andSouth Sutton mines is
not oonsidered her-, as the Company oonéinually searches far all
possible blook of ore adjacent to the workings., Work that might
be done in other parts of the district is desoribed below,

The Sutton No. 2 deposit (fig. 2) is about 2,500 feet east of

the Eumboldt mine, on a segment of ths Suttan Leds about 1,200

feet long. The Sutton No. 2 adit extends for 350 feet N. 15° B. aleng
what appears to be the west ded., At 250 feet from the port;l e raise
oonneots with the surface and a orossout extends 85 feet westward.

The Baker crossout adit, 1,200 feet north of the Sutton No, 2, is

.
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100 feet long. Severa) trenches expose the bed between the two adits.
-The beds are cut off by granodiorite on the south at ths edit
portal, and they end at an unexpoa-od pre-mineral fault on the
north. The serment between the granodiorite and the fault i4 about
1,20C feet long. Northward beyond the fault, the next segment of
the Sutton beds is offset 400 feet eastward, Several dikes 14
feet thick of aplite, granodiorite, and andesite out the beds.
The beds strixe K. 15°-20° E., and dip 60°-70° west. The dody now
being minyd at the Suttqn No. 2 adit is 3-4 feet thick except near
;.he adit face, where it is nearly 15 feet thick, probadbly because
faulting has increased the dimensions, R
~ This segment of th'o west bed is mineralized along most of its
length, but the achoolito‘ oontent is uneven, The first 90 feet
along the Sutton No. 2 adit were stoped to the surface, the next
160 feet were left beonulo the ore is too low-grede, and the next
40-50 foot 'are nmow being stoped. The ummined blook between the two
stopes ooqtbaim about 3,000 tons of sub-oommercial ore, Innnuoh
as the adits have explored only one-fourth of one bed, further
exploration would probably develop large reserves,
kplmtion on the nlrtcco would require (1) trenches lfong
‘the strik‘ o!‘ the west bcd to show the extent of mineralization
and (2) pits to locate tho east bed ‘nd determine whether or not
/h is mineralized, npxor.ucn of the bed at depths below the sdits
'ind roquiro diamond drilling from the west through slate and
hornfoll. Dri).lin; would supply informetion as to the rate at
vhioh th- ore body is out ott by gunodioriu on the south or by
the pro-ciurd feult on the north as nn ss the extent of
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mineralization domward within the bed. The profiles (fig. 4)
accompenying the map of the area (fig. 2) show that three drill
holes 220, 265, and 330 feet long would reaoh the west Sutton bed
100 feot below the Sutton No. 2 adit, and a fourth 260 fest long
would reach the bed 100 feet below the Haker addt.

The Uncle 8amndeposit is about 3,000 feet northeast of the

Humboldt Shaft, on e segment of the Sutton beds which lies north-
east of the southern granodiorite body and within the ore zome (fig. 1).
The Unol.o Sam adit is .. orosscut 200 feet long, leading west into

a drift that follows the west bed for 160 feet, A raise connects
the drift with a deep trench 30 feet long. Five hundred feet south
of the.Uncle Sam are two short adits, 30 and 10 feet long. Exoept
in ﬁhc‘te workinge end in a few shallow p%t&, the beds are covered
with surfece wash, but a trein of scheelite float indicates that
the beds are continucues between the ﬁnole Sem and the southern
adits. _

| At the Unole Sem adit, the two beds are 60 feet apart; the

east bed is five feet thiok, the west bed about three(fig. 8). Om
the north, the beds strike N. 20° E. and dip 66°-70°; on the south,
they ourve to N, 50° W, as they approach an unexposed fault which
offsets the next lemn‘t of the beds 400-800 feet e:-tvnrd. Gruno-.
iioritc lies northwest and soutlsrest of the aeg;wnt of beds, but
not in line with its surface trend.
A The west bed, 'whioh is followed by the drift, is more mineralited
then the sast bed. Abo'vo the drift there are more than 2,000 tons
of ore of sub-cammercial grade. As the beds of the Unclse 8em ares
sre st least 700 feet long', the drift has explored the near-surfeoe
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part of onl;r about one-fifth of one bed. PMurther exploration on
the cﬁrraoo:would require trenches through soil one to three feet
d,eop; Trenthes not over 10 feet long should ;orvo to locate the
west bed if pleced -whm the ultreviolet lig}xt shows abundant
soheelite float.
Exploration dbwrward is ocomplicated by the fact that the exact
position and the dip of the fault that cuts off the beds on the
. south and the attitudes of the granodiorite contacts on the north
and south ere unknown, and both or either may cut off the bdeds
below the surface. Diamond drill holes to test the downward con-
\t_inuatilon. of the beds would be drilled fram the west through nla_to
‘and hornfels. To cut the beds at a 60° angle 100 feet below the
Uncle Sem drift would require drilling 225 feet; ot);or drill holes
north and south of the adit would be npproximtely the same length,

The Springer Gulch beds 1le between the Springer shaft and

Stenk Hill (fig. 1). They are a group of limestones that strike
K. 20°-30° B. and dip 50°-70° west. The area contains four, and
possibly five limatafzu. Two beds th;t lie west of the Springer
ore body are known to be ore-bearing on the 600 Level of the mine,
buti are onl; slightly mineralized on the surfece, West of these
there seem to be three limestones, but one may be a fsulted
segmsnt of another, rhou’ have b?on prospected only on the surface,
where they s.ro slirhtly mineralised, .

Although: no ore deposit has been developed m' this area, the
po:iéion of the limestones in the main ore sone suggests that there
iAy be a o;mulod ore body below the surfece. To determine
whether thess beds contain ore would raquire drilling. As the beds

[ 8



are displeced by feults end infrusions, a detailed map (socale,

1 inch e~uals 10 feet) is being made in the hope of approximately
loca‘ti'nr‘ sefnents that can be explored, Ferhaps when the map -is
campleted, ueiinite recormendations can be made for drilling,

The Eact ked is a thick limestone thet is traceavle for hun-
.dreds cf feet south of the distri ct, What appears to be its
northern extension has been uncovered m‘tronchen at the runge
front 3,000 feet east of the southern grenodiorite body in an area
~ooverod with surface wash (fig. 6). Here the ted, which dips )
25° west, 18 mineralized, If edditicnsl trencres should show
that tne mineralization continues, drilling to determine the extent
of the ore hody would te warranted.

The West Beds 1lie outaido'tho main ore tone, Therefore, they
seem to be the least liksly to cortain ox;o. The beds dip east at
60270° on the Stank Hill ridge top, and durve to vertical down the
slopes, O&ho steep hillside, the exposures are only f’air, but
from what ocn be seen the beds appear to be nearly unmineralized through
a verticsl renge of over 20C feet., If these beds are drilled at all,
the holes should‘ be drilled from the west at 45°and Planned to out
' the bdeds et ccnsiderable depth.

Summery. Among the sreas suggested for testing, the Suttem Mo, 2
and the Uncle Sam deposits are the most likely to yield returns in
ore reserves blooked out. Exploration in the Springer Sulch aree
may also yleld data from which a tonnage of reserves oen be ocsloulated,
dut 4t ia prodbable that unless excloration is intensive, the results
will indicate only the position, and not the extent of ore bodies,
| A's this sres is in the sone of rich doposito, thiseons worth

thd



recommending, for ex- loration, but only as secondary to tho testing

of the Suttu;'\ No. ? end the Uncle Sam. The discovery of valuable
leposits in the East Bed or the iest beds would imply either a
cc:w".cv ratle extens{cn of the mainore tone or perhaps a now rone
related to idif:'orent granodiorite bod){ Pnploration of these

beds mipht hus serve to establish new ore bodies, but the returns

seem very !. ertaiﬁ.

Attempfta': to c;ltimata ore reserves in the Kill City distriot
are favored by the tabular form, uniform thicimess, end one-time
continuity of the minereslized limesta'w beds. The ore ic.euily
recognit'ed, and the use of the ultraviolet leamp makes possidble a
rourh seperation of highe end low-grede ore. Unfavorable features
are the interruption of beds by te;ultc ‘and int'r.nlions, and the
unpredictable vaparies of minmsralization and ore derosition
within the §odl. The wvalue of any ore -rosem, e!.:ther commercisl
or nub-ooun&eial,.'qhat may be developed, is o‘.nhanood‘by tho
faot that tl:;e deposits are in en sotive mining and milling district.
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